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Methods and Materials 
1
H NMR and 
13
C NMR spectra were recorded on Bruker DPX-400 (operating at 400 MHz for 
1
H 
NMR and 100 MHz for 
13
C NMR) in CDCl3 with tetramethylsilane as internal standard. All spectra were 
recorded at 25 
o
C and coupling constants (J values) were given in Hz. Chemical shifts were given in parts 
per million (ppm). Splitting patterns are designated as s (singlet), d (doublet), t (triplet), q (quartet), p 
(pentet) and m (multiplet). All the 
13
C spectra were recorded with simultaneous decoupling of proton 
nuclei. Mass spectra were recorded on Agilent Technologies 6530 Accurate-Mass Q-TOF LC/MS. 
Absorption spectra were performed by using a Varian Cary-100 spectrophotometer. Fluorescence 
measurements were conducted on a Varian Eclipse spectrofluometer. Flourescence life time 
measurements were determined on a HORIBA Jobin Yvon fluorolog, FL-1057. HORIBA Scientific 
NanoLEDs at 560 nm, 590 nm,  605 nm, 650 nm, and 667 nm (pulse width < 250ps) were used. The 
instrument response function was measured with an aqueous Ludox solution. The decays were analyzed 
with a multi-exponential fitting function by iterative reconvolution and chi-square minimization.  The 
white light used in the reduction of thionine dye was KENGO LIGHTING (F118WH), its voltage and 
maximum wattage were 230 V – 50 Hz and 500 W respectively. Reactions were monitored by thin layer 
chromatography using Merck TLC Silica gel 60 F254. Silica gel column chromatography was performed 
over Merck Silica gel 60 (particle size: 0.040-0.063 mm, 230-400 mesh ASTM). All other reagents and 
solvents were purchased from Aldrich and used without further purification.  4-(,-di-(pyridine-2-
ylmethyl)amino) benzaldehyde
1
, 4-bromohexoxy benzaldehyde
2
 and 4-(1,4-dioxa-7,13–dithia–10 
azacyclopentadecan – 10 - yl) benzaldehyde 
3 
 were synthesized according to literature. 
 
 
 
 
 
Synthesis of target molecule 1 (Compound 2). 
 
 
 
 
 
 
 
 
 
Synthesis of Compound 1. 
To a 1.0 L round-bottomed flask containing 400 mL argon-degassed CH2Cl2 were added 2,4-
dimethyl pyrrole (4.4 mmol, 0.4 g), 4-(,-di-(pyridine-2-ylmethyl)amino) benzaldehyde
1
 (1.98 mmol, 
0.6 g) and one drop of trifluoroacetic acid. The solution was stirred under N2 at room temperature for 1 
day. After addition of a solution of DDQ (1.98 mmol, 0.45 g) in 100 mL of CH2Cl2 to the reaction 
mixture, stirring was continued for 30 min.  5 mL of Et3N and 5 mL of BF3.OEt2 were successively added 
and after 30 min, the reaction mixture was washed with water (3 x 300 mL) and dried over anhydrous 
Na2SO4. The solvent was evaporated and the residue was purified by silica gel column chromatography 
using CHCl3 : Methanol (97 : 3) as the eluant. Orange solid (0.25 g, 23%). 
1
H NMR  (400 MHz, CDCl3): δH 8.60 (2H, d, J = 6.48 Hz, ArH), 7.62 (2H, t, J = 7.71 Hz, ArH), 7.22 
(2H, d, J = 7.84 Hz, ArH), 7.18 (2H, t, J = 6.58 Hz, ArH),  6.98 (2H, d, J = 8.80, ArH), 6.80 (2H, d, J = 
8.80, ArH), 5.95 (2H, s, ArH), 4.87 (4H, s, CH2), 2.52 (6H, s, CH3), 1.45 (6H, s, CH3) ppm.  
13
C NMR (100 MHz, CDCl3): δC 158.3, 154.8, 149.8, 149.7, 148.8, 143.1, 136.7, 128.9, 123.3, 122.2, 
120.9, 113.2, 57.4, 14.5 ppm.  
 
Synthesis of Compound 2. 
In a 100 mL round-bottomed flask equipped with a Dean-Stark trap and a reflux condenser were 
added 40 mL of benzene, compound 1 (0.15 mmol, 80 mg), 4-propargyloxy benzaldehyde (0.15 mmol, 
24 mg), acetic acid (0.2 mL), and piperidine (0.2 mL). The reaction mixture was stirred at reflux 
temperature and concentrated nearly to dryness. Progress of the reaction was monitored by TLC (1:1 
Hexane : Acetone). When all the starting material had been consumed, water (100 mL) was added and 
mixture was extracted into CHCl3. The organic layer was dried on Na2SO4 and evaporated. Column 
chromatographic separation (silica gel, 1:1 Hexane : Acetone) of the residue yielded the desired product 
as a dark purplish-red solid. (21 mg, 20%).  
1
H NMR  (400 MHz, CDCl3): δH  8.62 (2H, d, J = 4.84 Hz, ArH), 7.65 (2H, t, J = 8.54 Hz, ArH), 7.60-
7.54 (3H, m: 2H, ArH; 1H, CH), 7.26-7.15 (5H, m: 4H, ArH; 1H, CH), 7.03 (2H, d, J = 8.84 Hz, ArH), 
6.98 (2H, d, J = 8.85 Hz, ArH), 6.80 (2H, d, J = 8.84 Hz, ArH), 6.58 (1H, s, ArH), 5.90 (1H, s, ArH), 
4.88 (4H, s, CH2), 4.74 (2H, d, J = 2.44 Hz, OCH3), 2.58 (3H, s, CH3), 2.55 (1H, t, J = 2.46 Hz, CH), 1.48 
(3H, s, CH3), 1.44 (3H, s, CH3) ppm.  
13
C NMR (100 MHz, CDCl3): δC 158.3, 154.5, 153.0, 149.8, 148.8, 142.5, 139.0, 136.7,  135.2, 130.4, 
129.2, 128.8, 122.2, 120.9, 117.7, 117.1, 115.1, 113.2, 78.7, 75.8, 57.4, 55.9, 29.7, 14.8, 14.6 ppm. 
MS (TOF - ESI): m/z: Calcd: 663.2981 [M
+
], Found: 664.30697 [M+H]
+
, ∆=1.3 ppm. 
 
 
 
 
 
 
Synthesis of target molecule 2 (Compound 8). 
Synthesis of compound 4. 
 
 
 
 
 
 
CH2Cl2 (300 ml) was purged with Ar gas for 30 min. Compound 3
2
 (1.089 g, 3.82 mmol) and 2,4-
dimethyl pyrrole (0.94 g, 7.7 mmol) were added. The color of the solution turned into red after the 
addition of 3 drops of trifluoroacetic acid. The reaction mixture was stirred at room temperature for 12h. 
Then, tetrachloro-1,4-benzoquinone (0.93 g, 3.82 mmol) was added and the reaction mixture was stirred 
at room temperature for 45 min. Then triethyl amine (8 ml) and boron trifluoride diethyl etherate (8 ml) 
were added sequentially. After stirring at room temperature for 30 min, it was extracted with water. 
Organic layer was dried with Na2SO4 and evaporated under reduced pressure. The product was purified 
by silica gel column chromatography using CHCl3 as mobile phase. Fraction containing compound 4 was 
collected then the solvent was removed under reduced pressure (670 mg, 1.2 mmol, 31% ). 
1
H NMR (400 MHz, CDCl3): δΗ 7.15 (d, J= 8.56 Hz, 2H), 7.0 (d, J= 8.56 Hz, 2H), 4.05 (t, J= 6.45 Hz, 
2H), 3.59 (t, J= 6.64 Hz, 2H),  2.55 (s, 6H), 2.3 (q, J= 7.56,  4H), 1.85 (m, 4H), 1.58 (m, 4H), 1.35 (s, 
6H), 1.0 (t, J= 7.52, 6H) ppm. 
13
C NMR (100 MHz, CDCl3): δC  159.47, 153.46, 140.0, 138.43, 132.60, 130.10, 129.44, 127.78, 114.95, 
67.87, 44.96, 32.48, 29.11, 26.67, 25.43, 17.06, 14.61, 12.46, 11.84 ppm. 
 
 
 
Synthesis of Compound 5. 
 
 
 
 
 
 
 
Compound 4 (190 mg, 0.34 mmol) was dissolved in 20 ml DMSO. Excess amount of sodium azide 
(600 mg, 9.23 mmol) was added. The reaction mixture was stirred for 30 minutes at 60
o
C. After 30 
minutes, sample was extracted with water and CHCl3 a few times to get rid of DMSO and excess NaN3. 
Organic layer containing compound 5 was dried with Na2SO4 and evaporated under reduced pressure No 
further purification was required. 
1
H NMR (400 MHz, CDCl3): δΗ 7.15 (d, J= 8.56 Hz, 2H), 7.0 (d, J= 8.56 Hz, 2H), 4.05 (t, J= 6.45 Hz, 
2H), 3.32 (t, J= 6.64 Hz, 2H), 2.55 (s, 6H),  2.3 (q, J= 7.56 Hz,  4H),  1.85 (m, 2H), 1.68 (m, 2H), 1.54 
(m, 4H), 1.35 (s, 6H), 1.0 (t, J= 7.52 Hz, 6H) ppm. 
13
C NMR (100 MHz, CDCl3): δC 159.46, 153.46, 140.33, 138.43, 132.61, 131.19, 127.77,  114.95, 67.86, 
51.38, 29.13, 28.80, 26.56, 25.71, 17.07, 14.62, 12.46, 11.84 ppm. 
MS (TOF - ESI): m/z: Calcd: 521.3137 [M
+
], Found: 520.3065 [M-H]
+
, ∆=1.6 ppm. 
 
 
 
 
 
 
 
Synthesis of Compound 6. 
 
   
 
 
 
 
 
 
 
 
In a 100 mL round-bottomed flask equipped with a Dean-Stark trap and a reflux condenser were 
added 40 mL of benzene, compound 5 (0.20 mmol, 0.106 g), 4-(1,4-dioxa-7,13-dithia-10-
azacyclopentadecan-10-yl) benzaldehyde
3
 (0.20 mmol, 0.072 g), acetic acid (0.2 mL), and piperidine (0.2 
mL). The reaction mixture was stirred at reflux temperature and concentrated nearly to dryness. Progress 
of the reaction was monitored by TLC (CHCl3). When all the starting material had been consumed, water 
(100 mL) was added and mixture was extracted into CHCl3. The organic layer was dried on Na2SO4 and 
evaporated. Column chromatographic separation (silica gel, CHCl3) of the residue yielded desired product 
as a dark blue solid (44 mg, 25%).  
1
H NMR  (400 MHz, CDCl3): δH  7.59 (1H, d, J = 16.93 Hz, CH), 7.52 (2H, d,  J = 8.32 Hz, ArH), 7.19 
(3H, m: 2H, ArH; 1H, CH), 7.01 (2H, d, J = 8.04 Hz, ArH), 6.67 (2H, d, J = 8.24 Hz, ArH), 4.08 (2H, t, J 
= 6.10 Hz, OCH2), 3.85 (broad 4H, s, OCH2CH2), 3.69 (8H, m), 3.34 (2H, t, J = 6.59 Hz, N3CH2), 2.95 
(4H, t, J = 7.36 Hz, NCH2CH2), 2.80 (broad 4H, SCH2CH2), 2.68-2.55 (5H, m: 3H CH3, 2H CH2), 2.35 
(2H, q, J = 7.50 Hz, CH2CH3), 1.89 (2H, t, J = 7.20 Hz, OCH2CH2) 1.70 (2H, t, J = 6.15 Hz, N3CH2CH2), 
1.61-1.48 (4H, m, CH2CH2), 1.39 (3H, s, CH3), 1.38 (3H, s, CH3), 1.18 (3H, t, J = 7.08 Hz, CH3), 1.01 
(3H, t, J = 7.22 Hz, CH3) ppm. 
 
13
C NMR (100 MHz, CDCl3): δC 159.4, 152.8, 150.5, 147.2, 138.8, 138.5, 137.6, 135.6, 132.9, 132.7,  
131.6, 129.7, 129.0, 128.1, 125.8, 115.8, 114.9, 111.8, 74.2, 70.7, 67.8, 51.9, 51.4, 31.3, 29.5, 29.1, 28.8, 
26.5, 25.5, 18.4, 17.1, 14.6, 12.6, 11.8, 11.6 ppm.  
MS (TOF - ESI): m/z: Calcd: 858.4308 [M
+
], Found: 859.4398 [M+H]
+
, ∆=1.1 ppm 
 
Synthesis of Compound 7. 
 
 
 
 
 
 
 
 
 
In a 100 mL round-bottomed flask equipped with a Dean-Stark trap and a reflux condenser were 
added 40 mL of benzene, compound 6 (0.13 mmol, 110 mg), 4-metoxy benzaldehyde (0.26 mmol, 35.4 
mg), acetic acid (0.2 mL), and piperidine (0.2 mL). The reaction mixture was stirred at reflux temperature 
and concentrated nearly to dryness. Progress of the reaction was monitored by TLC (Chloroform : 
Methanol ; 98 : 2). When all the starting material had been consumed, water (100 mL) was added and 
mixture was extracted into CHCl3. The organic layer was dried on Na2SO4 and evaporated. Column 
chromatographic separation (silica gel, Chloroform : Methanol ; 98 : 2) of the residue yielded the desired 
product as a green solid. (65 mg, 44%).  
1
H NMR  (400 MHz, CDCl3): δH 7.68 (1H, d, J = 16.73 Hz, CH), 7.63 (1H, d, J = 16.9 Hz, CH), 7.59 
(2H, d, J = 8.76 Hz, ArH), 7.54 (2H, d, J = 8.80 Hz, ArH), 7.26-7.15 (4H, m: 2H, ArH; 1H, CH; 1H, CH), 
7.02 (2H, d, J = 8.44 Hz, ArH), 6.97 (2H, d, J = 8.68 Hz, ArH), 6.69 (2H, d, J = 8.84, ArH), 4.06 (2H, t, J 
= 6.40 Hz, OCH2), 3.88 (3H, s, OCH3), 3.84 (4H, t, J = 4.98 Hz, OCH2CH2),  3.75-3.62 (8H, m, 4H, 
NCH2CH2S, 4H, OCH2CH2O), 3.32 (2H, t, J = 6.83 Hz, N3CH2), 2.92 (4H, t, J = 3.88 Hz, OCH2CH2S), 
2.78 (4H, t, J = 4.50 Hz, NCH2CH2S), 2.62 (4H, q, J = 6.30 Hz, CH2), 1.89 (2H, m) 1.69 (2H, m), 1.55 
(4H, m), 1.39 (6H, s, CH3), 1.18 (6H, t, J = 7.49 Hz) ppm.  
13
C NMR (100 MHz, CDCl3): δC  159.96, 159.45, 159.42, 151.57, 148.98, 147.46, 147.29, 138.98, 
137.74, 137.17, 136.41, 135.68, 134.36, 133.70, 133.57, 132.99, 130.62, 130.09,  129.98, 129.75, 129.24, 
129.00, 128.64, 128.33, 128.16, 125.87, 118.47, 115.86, 114.92,  114.43, 114.21, 111.87, 74.28, 70.75, 
67.89, 55.42, 51.97, 51.41, 31.32, 29.60, 29.17, 28.82, 26.59, 25.74, 18.42, 14.15, 14.00, 11.72, 11.61  
ppm.   
MS (TOF - ESI): m/z: Calcd: 976.4726 [M
+
], Found: 977.4781 [M+H]
+
, ∆=2.6 ppm 
 
Synthesis of Compound 8. 
 
 
 
 
 
 
 
 
 
 
A solution of the compound 2 (0.030 mmol, 20 mg), compound 7 (0.045 mmol, 38 mg). sodium 
ascorbate (0.022 mmol, 4.3 mg), and CuSO4 (0.011 mmol, 2.73 mg) in a 12:1:1 mixture of CHCl3, EtOH 
and water (total 14 ml) was stirred at room temperature for 12 h. After evaporation of solvent, the crude 
product was purified by column chromatography (CHCl3 : Methanol, 93:7). Purple solid (32 mg,  55%). 
1
H NMR  (400 MHz, CDCl3): δH  8.63 (2H, d, J = 4.7 Hz, ArH), 7.72-7.48 (11H, m), 7.26-7.13 (9H, m), 
7.06-6.93 (8H, m), 6.85-6.78 (2H, d, J = 8.80 Hz, ArH), 6.69 (2H, d, J = 8.72 Hz, ArH), 6.58 (1H, s, 
ArH), 5.98 (1H, s, ArH), 5.28 (2H, s, OCH2), 4.89 (4H, s, NCH2), 4.41 (2H, t, J = 7.10 Hz), 4.02 (2H, t, J 
= 6.30 Hz), 3.88 (3H, s, OCH3),   3.83 (4H, t, J = 4.98 Hz),  3.75-3.66 (8H, m),  2.95 (4H, t, J = 8.80 Hz), 
2.80 (4H, t, J = 4.98 Hz),  2.63-2.54 (7H, m), 2.00 (2H, m), 1.83 (2H, m),  1.73 (2H, m),  1.58 (2H, m), 
1.50 (3H, s), 1.46 (3H, s), 1.38 (6H, s),  1.17 (6H, t,  J = 7.38 Hz) ppm. 
13
C NMR (100 MHz, CDCl3): δC  159.94, 159.41, 158.81, 158.29, 149.79, 148.81, 147.44, 144.01, 
136.74, 135.22, 130.07, 129.97, 129.24, 129.13, 128.92, 128.63, 123.40, 122.50, 122.20, 120.95, 117.17, 
115.13, 114.90, 114.20, 113.20, 111.86, 74,28, 70.75, 67.78, 62.21, 57.42, 55.41, 51.97, 50.35, 31.32, 
30.21, 29.60, 29.08, 26.33, 25.61, 14.81, 14.57, 14.14, 14.00, 11.73 ppm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
UV-Vis Absorbance and Emission Spectra: 
Figure. S1: Absorption spectra of thionine and leucothionine (12.5 µM each) in methanol in the 
presence of Sodium Ascorbate as a reducing agent. 
Figure. S2: Transmittance spectra of compound thionine and leucothionine in Methanol in the presence 
of Sodium Ascorbate as a reducing agent. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. S3: Absorbance spectra of compound 2 (2.2 µM) - thionine/leucothionine (12.5 µM) in Methanol 
in the presence of NaAsc. 
 
Figure S4. Emission spectra of compound 2 (2.2 µM) in Methanol, in the presence of Zn(II) (22 µM). 
  
 
Figure S5. . Emission spectra of compound 2 – thionine/leucothionine (2.2 µM - 12.5 µM) in Methanol, 
in the presence of Zn(II) cation (22 µM). (λex=560 nm, slit width=5-2.5) 
Figure S6. Absorbance spectra of compound 7 (2 µM) in Acetonitrile in the presence of Hg(II) (40 µM). 
 
 
 
 
Figure S7. Emission spectra for compound 7 (2.0 µM) in Acetonitrile, in the presence of Hg(II) (40.0 
µM). Samples were excited at 640 nm and 680 nm, respectively. 
 
 
 
Figure S8. Absorbance spectra of Compound 8 (3.0 µM) in acetonitrile in the presence of Zn(II) and 
Hg(II) cations (20.0 µM, 10 µM). 
 
 
Figure S9. Emission spectra of Compound 8 (3.0 µM) in acetonitrile in the presence of Zn(II) cation 
(20.0 µM).  (λex=560 nm and 680 nm, slit width=5-5) 
Figure S10. Emission spectra of Compound 8 (3.0 µM) in acetonitrile in the presence of Zn(II)  and 
Hg(II) cations (20.0 µM, 10 µM).  (λex=560 nm, slit width=5-2.5) 
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Figure 1:
 1
H NMR spectrum  of compound 1 (400 MHz, CDCl3) 
 
Figure 2:
 13
C NMR spectrum of compound 1 (100 MHz, CDCl3) 
 Figure 3:
 1
H NMR spectrum  of compound 2 (400 MHz, CDCl3) 
 
 
 
Figure 4:
 13
C NMR spectrum of compound 2 (100 MHz, CDCl3) 
 
 
Figures 5:
  
Mass spectrum of compound 2 (100 MHz, CDCl3) 
 
 
 
Figure 6:
 1
H NMR spectrum  of compound 4 (400 MHz, CDCl3) 
 
 
 
  
 
 
Figure 7:
 13
C NMR spectrum of compound 4 (100 MHz, CDCl3) 
 
 
 
 
 
Figure 8:
 1
H NMR spectrum  of compound 5 (400 MHz, CDCl3) 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9:
 13
C NMR spectrum of compound 5 (100 MHz, CDCl3) 
 
 
 
 
 
Figure 10:
  
Mass spectrum of compound 5 (100 MHz, CDCl3) 
 
 
 
Figure 11:
 1
H NMR spectrum  of compound 6 (400 MHz, CDCl3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12:
 13
C NMR spectrum of compound 6 (100 MHz, CDCl3) 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13:
  
Mass spectrum of compound 6 (100 MHz, CDCl3) 
 
  
Figure 14:
 1
H NMR spectrum  of compound 7 (400 MHz, CDCl3) 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15:
 13
C NMR spectrum of compound 7 (100 MHz, CDCl3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16:
  
Mass spectrum of compound 7 (100 MHz, CDCl3) 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17:
 1
H NMR spectrum of compound 8 (400 MHz, CDCl3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18:
 13
C NMR spectrum of compound 8 (100 MHz, CDCl3) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19:
  
Mass spectrum of compound 8 (100 MHz, CDCl3) 
 
 
